ffc 09/857382 
;18Ree , ciPCT/PTO o 1 M 2001 



in 



30 



„ , _ Hydrophilic Member 

Technical Field of the Invention 

This invention relates to a hydrophjlic member and especially to a hydrophilic member having 
superior hydrophilic restoration properties. 



^/BackgroundjjArt 



Japanese Unexamined Patent Publication Numbers Hei 9-278431. He! 9-295363, Hei 10-36144, 
and Hei 10-231X46 are known as background art having hydrophilic and anti-fogging properties cm 
io the substrate surfaces of glass and the like. 

Japanese Unexamined Patent Publication Number Hei 9-278431 discloses the application, on a 
substrate surface, of a surface treatment agent including phosphoric acids or salts thereof, soluble 
aluminum compounds, water-soluble silicates, surface active agents, and solvents. The mean 
surface roughness of the hydrophilic film is 05 to 500 urn. 
%S 15 Japanese Unexamined Patent Publication Number Hei 9-295363 discloses a film of titanium 
oxide or tin oxide formed on a substrate surface, having a mean surface roughness of at least 1 \iax. 

Japanese Unexamined Patent Publication Number Hei 10-36144 discloses a photocatalyst film 
such as titanium oxide (JiOz) formed on a glass substrate surface and a porous inorganic oxide film 
such as silicon oxide (SiCfc) formed on the surface of the photocatalyst film. 
20 Japanese Unexamined Patent Publication Number Hei 10-231146 discloses an alkali barrier 
film and a photocatalyst film formed on the surface of a glass substrate. The mean surface 
roughness of the photocatalyst film is fioml J5 to 80 nm. 

The art disclosed in die above-mentioned Japanese Unexamined Patent Publication Number Hei 

9- 278431 is not practical since both the chemical durability and wear resistance of the hydrophilic 
25 film are low. Hie art disclosed in the above-mentioned Japanese Unexamined Patent Publication 

Number Hei 9-295363 is not applicable to the surface of a transparent substrate such as a glass plate 
because the mean surface roughness (Ra) of the hydrophilic film is greater than or equal to 1 Mm, 
preferably greater than or equal to 4 pm> and the transparency thereof is low (high haze). With 
regards to the art disclosed in Japanese Unexamined Patent Publication Number Hei 10-36144, 
since wear resistance of the hydrophilic film is low because of the porosity thereof, hydrophilic 
function thereof is lost and is not easily recovered when contamination such as oil enters Into the 
pores. With respect lo Ihe art disclosed in Japanese Unexamined Patent Publication Number Hei 

10- 231146, time is needed for production because the hydrophilic film is formed of a plurality of 

36 Moreover, with each of the above-disclosed £riorJ arts, a hydrophilic film is formed on the 
surface of a substrate and hydrophilic properties are further unproved by making the surface have 




minute irregularities. However, in the case of a contaminated substrate, there is a drawback of 
slow restoration of the hydrophilic properties after washing of the substrate surface with a 
detergent. 

For example, since a surface such as that of a windshield or a mirror provided with a lavatory is 
easily contaminated, it is frequently washed with a detergent Unfortunately, restoration of 
hydrophilic properties after washing is slow, leading to minute water drops easily adhering to the 
surface and anti-fogging properties fade. 

(Dlsclosurejof the Invtatf ob 

In order to resolve the problems mentioned above, according to the present invention, there is 
provided a hydrophilic member; comprising a tin oxide layer formed on a surface of a substrate 
directly or through an undercoat film in between acting as a barrier against alkali, and an overcoat 
layer formed on the surface of the tin oxide layei; wherein the overcoat layer is selected from at 
least one of silicon oxide, aluminum oxide, zirconium oxide, eerie oxide, and titanium oxide, 
Furthermore, the meau surface roughness (Ra) of the top surface thereof is within a range of from 
0.5 to 25 nm. 

The mean surface roughness (Ra) is preferably within a range of ftom 0.5 to 25 nm, mote 
preferably within a range of 5 to 15 nm* The long-term stability of the hydrophilic performance is 
further improved within this range. 

If only a tin oxide (SnOa) layer is formed on the surface of the substrate and the surface of this 
tin oxide (Sn02> layer is rough, hydrophilic properties arc displayed, as mentioned in ^he prior art 
^Unexamined Patent Publication Number Hei 9-295363$ Unfortunately, upon washing the surface 
once with bath soap, the contact angle with water becomes 70" to 80°. 

On the other hand, when a thin film such as a film of silicon oxide (S1O2) is formed on the 
surface of the above-mentioned tin oxide (SnOfi layer, the post-washing contact angle with water 
becomes less than 10 s . 

It is conceivable that the reason is because supcr-hydrophilic properties are present after 
washing since, from the aspect of surface polarity, tin oxide (SnGz) and silicon oxide (SiOa) have 
opposite polarities and bath soap is anionic, 

It is preferable that the above-mentioned tin oxide (SnOajli&s a rutile structure. By making 
the tin oxide (Sn(>2) to have a rutile structure, it is possible to form a polycrystaliine thin film 
having a surface of preferable irregularities. / 

Moreover, by making the mean surface roughness of the tin oxide (SnO^fobe from 0 J 10 
25 nm and transferring these inegularities to the top surface, it is possible to make the mean surface 
roughness (Ra) of the top surface to be from 0.5 to 25 nm. 

It is not preferable that the mean surface roughness (Ra) be less than 0.5 mn, because effective 
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irregularities which improve long-term maintainability of hydrophilic properties and functions 
would not be formed. It is also not preferable for the mean surface roughness (Ra) to exceed 25 
nm, in which case irregularities would be too great and transparency lost, or the long-term stability 
of the hydrophilic function would be lowered. 
5 Additionally, it is preferable to make the mean spacing (S m ) of the irregularities to be from 4 to 
300 nm. It is not preferable for the mean spacing (S^ of the irregularities to be either less than 4 
Dm or greater than 300 nm, which would result in reduction of the long-term stability of hydrophilic 
performance and anti-fogging performance. The mean spacing of the Irregularities is more 
preferably from 5 to ISO nnx Within this range, the long-term stability of hydrophilic performance 
10 is further improved. 

As a method of indicating the mean surface roughness (R*), arithmetical mean surface 
roughness (Ra) as defined by JIS B0601 (1994) IS used. The value (nm) of arithmetical mean 
surface roughness is expressed as "the absolute value of the deviation from the mean line", and is 
?M rendered by the following equation 1. 

ill 15 

SI [equation 1] R*-j£\f(xpc 
r Ji I- ; reference length 

fU f( x ) : roughness curve expression taking X-axis in the direction of mean line and 

I 20 Y-axis in the direction of longitudinal magnification of the sampled part 

rij Moreover, the mean spacing of irregularities S™ too, is defined by JIS B0601 (1994). The 

[y arithmetical mean value (nm) of irregularities is expressed as "the mean value of the spacing 

□ between cycles of peaks and valleys obtained from the point where the roughness curve and the 

h= 25 mean line cross", and is rendered by the following equation % 



[equation 2] Sm^-V* Smi 
n 

Sttrf : spacing of ioegularities (nm) 

n; number of spacings of irregularities within the reference length 

30 6f 1^ 

It is preferable for the thickness of the tin oxide fiIm A (Sn02) to be from 10 to 800 nm, and for 
the thickness of the overcoat layer of silicon oxide film (Si0 2 ) or the like to be from 0>1 to 100 nm. 

When the thickness of the tin oxide is less lhan or greater than this range, the desired 
irregularities cannot be obtained. That is, deviation outside of this range is not preferable because, 
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when the thickness of the tin oxide is smaUer than this range, then a film of uniform thickness will 
not be realized; and when the thickness of the tin oxide is larger than this range, then the spacing of 
irregularities will become loo large, 

A film mainly comprised of common silicon oxide is preferable as the undercoat for the alkali 
5 barrier, Additives such as P (phosphorous) and B (boron) may be added, and oxide compounds of 
tin oxide may be used as needed. 

Hie undercoat film for the alkali barrier may be formed using known processes. Examples 
include the sol-gel process, liquid phase deposition method, vacuum film forming method, baking 
method, spray coating method, and CVD (chemical vapor deposition) method. 
10 It is preferable that the undercoat film for the alk^i(6li^e^ric^l0 nm yet not greater than 
300 nm. A thickness less than 10 nm is not preferable because it is insufficient for producing an 
effective alkali barrier. Additionally, a thickness greater than 300 nm is not preferable because 
interference colors frequently become noticeable and it becomes difficult to control the optical 
characteristics of a glass plate. 

Pi 

™ J 15 Glass mainly comprised of silicon oxide (SiOa), tile, ceramics, or a metal plate is suitable for 
m use as the substrate. Moreover, a hydrophilic member according to the present invention may be 
if 1 applied to minors, for example. 

':)[ Brief Descriptions of the Drawings 

f ijao Figures 1(a) and 1(b) are, respectively, enlarged cross-sectional views of (^hydrophilic member 3 
s according to the present invention.^7/ t^t "^emUr <rf £ * I (L ) / , ' , , 

? Jj ^Preferred Embodiment to Impleme^thetai^ttoi 

'Q Herelnbelow, explanation will be made of the preferred embodiment of the present invention, 

f =25 based upon the attached drawings. 

M In the embodiment shown in Figure 1(a), the hydrophilic member comprises a film of tin oxide 

(SnO z ) 2 formed on the surface of a glass plate 1 as a substrate and a film of silicon oxide (Si02) 3 
as an overcoat layer formed on the surface of this tin oxide (S0O2) film 2, 

In the embodiment shown in Figure 1(b), an undercoat film 4 stands between the glass plate 1 
30 and the tin oxide (SnOa) film 2 to prevent alkalis such as Na from escaping out of the glass plate 1. 

In Figure 1, Id is the mean surface roughness and Sm indicates the mean spacing of the 
irregularities. 

Soda glass, which has Si0 2 as its main component, is used as the glass plate 1. The tin oxide 
(SnO*) film 2 is formed by a well-known process such as the sol-gel process, liquid phase 
36 deposition method, vacuum film forming method, baking method, spray coating method, CVD 
(chemical vapor deposition) method, or sputtering method. The thickness ranges &om 10 to 800 
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nm and the mean surface roughness (R*) ranges from 0.5 to 25 nm, The film of tin oxide (Sn0 2 ) 2 
has a rutile structure. 

The film Of silicon oxide (Si0 2 ) 3 has a thickness ranging from 0.1 through 100 nm and is 
formed by a well-known process such as the sol-gel process, liquid phase deposition method, 
vacuum film forming method, baking method, spray coating method, chemical vapor deposition 
method, or sputtering method. In addition, since the silicon oxide (SiO*) film 3 is formed on the 
tin oxide (SnO^) film 2, the irregularities of the tin oxide (SnOjt) film 2 are transferred just as they 
are, and the range of the mean surface roughness (R*) of the surface of the silicon oxide (Si0 2 ) film 
3 also becomes within the range of 0-5 to 25 nm. 

He moan spacing (S^J of irregularities preferably ranges from 4 to 300 nm. It is not desirable 
that the spacing deviate from this range because the long-term stability of the hydrophilic properties 

is low^ ovfefoCe. ^ i 7 ^- r*^?j£_ 

By forming minute irregularities on the surface, the hydrophilic properties of the surface can be 
further improved. 

Thai is, when the surface area becomes larger by i times due to formation of minute 
irregularities on the surface, cos 6' « r cos 9 (90° > 0 > 8' ) is established by Weuzel's 
formula, in which the contact angle of water at the time of the flat surfece is 8 and the contact 
angle of water at the time of forming irregularities is 6 ' . However, it is not the case when the 
contact angle 6 deviates greatly from 90 degrees. 

For example, forming irregularities on the surface of a member having a contact angle of 30° 
with respect to water when the surface is flat, and taking the surface area to be multiplied 1,1 times* 
then, from the above equation, cos 9' = J .1 cos 30° 0.935, and from this it is determined that 
6 ' * 17.7° > Similarly, when the surface area is multiplied by 1,15, 0 ' becomes 5.2 tt . 

However, this equation is not necessarily established when 6 is small, however, as a tendency, 
6 ' becomes smaller by the provisions Of irregularities. 

ThaL is, by the formation of minute irregularities on. the surface, the hydrophilic surface 
becomes oll-the-morc hydrophilic 

On the other hand, as the undercoat film 4 for an alkali barrier, a thin film with silicon oxide as 
the main component or a compound oxide film comprised of silicon oxide and tin oxide, a film of 
silicon oxide which includes carbon, or layers of a film with tin oxide as the main components and a 
film with silicon oxide as the main component, or the like may be used, 

For example, a compound oxide film comprised of silicon oxide and tin oxide or a film of 
silicon oxide which includes carbon has a refractive index which is between that of the glass plate 1 
and the tin oxide film 2. Therefore, an even more preferable appearance can be obtained. That is, 
by having an undercoat film with an intermediate refractive index, it is possible to control 
interference color changes (color inconsistencies) arising from irregular thickness of the tin oxide 



film, as well as neutralize reflection hues, 

In the case where the undercoat film is a layered body of, for example, a film whose main 
component is tin Oxide and a film whose main component is silicon oxide, because the apparent 
refractive index of the layered body is between the refractive index of the glass plate 1 and the 
5 refractive index of the tin oxide film 2 by adjusting the thickness of the respective films, the 
functions Of the above-mentioned undercoat film with an intermediate refractive index can be 
obtained. 

In the case where the hydrophilic member having the above-mentioned structure is applied to a 
mirror, a thin film of metal, for example, silver, is formed on the rear surface of the glass plate 1, 
10 between the glass plate 1 and the undercoat film 4; or, in the case of no undercoal, between the glass 
plate 1 and tin oxide (SnQi) film % 

Next, explanation ^will be made of processes for the formation of films occurring with the 
preferred embodiment^* the present invention and comparative examples. Specifically, using a 
film-forming apparatus (not shown),(th£ sample of embodiment 1 was made by forming, in order, a 
15 film of tin oxide and a film of Silicon oxide on the surfece of a glass plate. Using the same process 

as that of embodiment 1, the samples £f embodiment^ 2, 3, 4, and ^wer^^^^Twi^ in order, &k\ m °^ 
film of tin oxide and a film of silicon oxide on the surfrjee of a glass plate, Using the same process y> Yidi <k~ 



as that of embodiment l,[£he sample o|embodimeS3fe"fonned with, in order, a film of tin oxide, 
a film of silicon oxide, a film of tin oxide, and a film of silicon oxide on the surfece of a glass plate. 

Using the same process as that of embodiment 1, the sample of comparative example 1 was 
made with, in order, a film of tin oxide and a film of silicon oxide on the surface of a glass plate. 
The sample of comparative example 2 was made by conducting an etching process on the surface of 
[U an ordinary glass plate, in which the glass plate was immersed into an aqueous solution whose main 
™ component was hydrosilicofluoric acid, and on the surface of the glass plate were formed minute 
>Jl5 irregularities comprised of a porous film whose main component was silica. Using the same 
process as that of embodiment 1. the samples of comparative examples 4 and 5 were made by 
forming a tin oxide film on the surface of a glass plate. ^ Co<*fl to**)vt. t^^^p l^_^_jj <*/^ or-<J ^*r^ ^ lo^> 
Next, the mean surfece roughness (R«0 and the mean spacing (Sin) of the samples of the 7 f ( <^ > 
embodiment* and the comparative examples were measured. These values were calculated from 
30 profile curves measured with an atomic force microscope (AFM) or an electron microscope. 

Furthermore, the samples were washed with bath soap, and changes in the contact angles were 
measured so that wetting properties of the sample surfece with respect to water could be confirmed. 
The angle of contact with water was measured immediately after washing, after the elapse of 2 
hours, and after, the elapse of 200 hours, 
35 Tables 1 and 2, below, are, with regards to the hydrophilic member according to the present 
invention and the comparative examples, comparisons of changes of the contact angles with water 
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after washing with a detergent. 
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l^ble 1 





Embodiment^] p\ju? 


1 


2 


3 


A 




O 


mean surface roughness (nm) 


10 0 


3 0 


7 0 


no 




O.J 


mean spacing (run) 


40 






110 




/U 


change of 
contact angle 

o 


immediately after 
washing 


3.0 


5.0 


4.0 


5.0 


10.0 


4.0 


2 hours 
after washing 


4.0 


10.0 


6.0 


6,0 


12.0 


6.0 


200 hours 
after washing 


10.0 


25.0- 


15.0 


13.0 


16.0 


14,0 


undercoat film composition 




Si0 2 


SiOa 


SiOz 




SiCfe 


undercoat film thickness (nm) 




20 


20 


20 


25/25 


20 


SnCh film thickness (nm) 


350 


20 


250 


600 


800 


300 


overcoat film thickness (nm) 


20 


20 


50 


20 


50 


50 


remarks 
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Table 2 





Comparative examples* 


1 


2 




A 




mean surface roughness (run) 


30.0 


5.0 


1 0 






mean spacing (nm) 


250 


45 


CO 


50 


70 


change of 
contact angle 

r> 


immediately after 
washing 


57.0 


14.0 


18.0 


70.0 


78.0 


2 hours 
after washing 


65.0 


18.0 


20.0 


70.0 


79.0 


200 hours 
after washing 


68.0 


32.0 


41.0 


73.0 


80.0 


undercoat film composition 


SnO^SiOs 










undercoat film thickness (nm) 


25/25 










SnOa film thickness (nm) 


1000 






60 


150 


overcoat film thickness (nm) 


^» 










remarks 


* Comparative example 2; glass plate on the surface of which 
arc minute irregularities formed by etching 

Comparative example 3: ordinary glass plate 

Comparative example 4: glass plate with a film of tin oxide 
(SnOa) provided on the surface 

Comparative example 5: glass plate with a film of tin oxide 
(S11O2) provided on the surface 
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Table 1 clearly shows that a hydrophilic member according lo the present invention has an 
angle of contact with water of 10° or Jess just after washing, and the hydrophilic properties arc 
durable over long periods of time. 

On the other hand, Table 2 clearly shows thai a common glass pIate^(comparaUve example 3) 
has an angle of contact with water of about 10° after washing, but the angle of contact gradually 
increases with time. This may be considered due to hydrophilic durability not being attained since 
the surface irregularities arc small (R a %lnm). A glass plate with fine irregularities formed on the 
surface by etching (comparative example 2) also has a contact angle with water of about 10 p , but 
the angle of contact gradually increases with the elapse of time. This is presumably due to 
durability worsening because the spacing of irregularities is too small in relation to the surface 
irregularities, and the hydrophilic functions decreasing over time* 

Moreover, in the case where the thickness of the tin oxide (SnObt) film exceeds the range of the 
present invention (comparative example 1), since the spacing of irregularities on the surface 
becomes large (S m > 300 nm), the spacing of irregularities on the surface of the silicon oxide film 
(SiOj) becomes large, resulting in hydrophilic properties not able to be attained. Furthermore, 
when a film of tin oxide (SnCy only is formed on a glass plate (comparative examples 4 and 5), the 
angle of contact with water after washing is 70° or greater and hydrophilic properties are not 
manifested, regardless of the thickness of the tin oxide film (SnOj). TTus is presumably due to the 
nature of the film itself, regardless of the sur&ce shape, 

Embodimen^is a mirror formed with a film ohttfffshsh composition as jownparative example^ Q. n bo^tn&nf 
3 on the surface of a glass plate having a silvered rear surf ac ^ This mirror surface doe s not fog at K $>ow\f>Us 
all, even when breath is exhaled thereupon, the angle of contact with water becomes ICFotISTjusI 
after washing, and it maintains hydrophilic properties over long periods. Accordingly, the minor 
of embodiment 6 has high hydrophilic properties, and exhibits desirable hydrophilic retention 
properties. ft ^ tU ^rf>{ 

Are JUL 



Industrial applicability 

As explained above, according to the first aspect of the above-mentioned hydrophilic member, 
the angle of oonlacl with respect to water becomes small, allowing still greater long-term stability of 
hydrophilic properties to be obtained. 

According to the second aspect of the above-mentioned hydrophilic member, it is possible to j /i 300, 
form a polycrystalline film having a desirably irregular surface, while attaining the effects of the V^f^r f, 
above-mentioned first aspect. 1 ^ 

According. to the third aspect of the above-mentioned hydrophilic member, while attaining the - 

effects of the above-mentioned first and second aspects, hydrophilic effects occurring on the top 
surface can be sufficiently attained, yet recovery of hydrophilic properties after washing will occur 
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within an extremely short period of time, ynd the retention of the hydiophilic properties is high. 

According to the fourth aspect of the above hydrophilic members, it is possible to maintain 
hydrophilic properties over a long period of time, while attaining the respective effects of any one 
of the above-mentioned first, second, or third aspects. 
5 According to the fifth aspect of the above-mentioned hydrophilic member, it is possible to form 
a desired hydrophilic film while attaining the respective effects of any one of the above-mentioned 
first through fourth aspects. 

According to the sixth aspect of the above-mentioned hydiophilic member, it is possible to 
Obtain desired irregularities while attaining the respective effects of any one of the above-mentioned 
10 first through fifth aspects. 

According to the seventh aspect of the above-mentioned hydrophobic member, while attaining 
the respective effects of any one of the above-mentioned first through sixth aspects, it is possible to 
control interference color changes (color irregularities) as well as neutralize reflection hues, since 
^ the refractive index of the undercoat film is between the refractive (xncta^ of the glass plate and the 

tin oxide film. /t^cec 
f g According to the eighth aspect of the above-mentioned hydrophilic members, while attaining 

If J the respective effects of any one of the above-mentioned first through seventh aspects, it is possible 
^ to control interference color changes (color irregularities) as well as neutralize reflection hues, since 
g the apparent refractive index of the layered film is between the refractive/lnde^of the glass plate 
?fk> and the tin oxide film, //^T^> 
s According to the ninth aspoct of the above-mentioned hydrophilic member, while attaining the 

□ respective effects of any one of the above-mentioned fiist through eighth aspects, it is possible to 
make effective applications to minors, windshields, anti-fogging/anti-fouling glass for construction, 
I ]\ spectacles* lenses, die, metal plates* and the like. 

fjg& According to the tenth aspect of the above-mentioned hydrophilic member, while attaining the 
H respective effects of any one of the above-mentioned first through ninth aspects, it is possible to 
make effective applications to automobile door minors, bathroom minors, and the like. 



What is claimed is; 



1. A hydrophilic member comprising: 

a tin oxide layer fonned on a surface of a substrate ^irectly or through an undercoat 
film acting as a barrier against alkali an<j; <kv^ 

an overcoat layer formed on the surface of said tin oxide layesr, wherein said overcoat 
layer is selected from at least one of silicon oxide, aluminum oxide, zirconium oxide, eerie oxide, 
and titanium Oxide* and the mean surface roughness (R 4 ) of the top surface thensof is within a range 
of 0*5 to 25 nm, 

Z A hydrophilic member according to claim 1, wherein said tin oxide j^nOa)! has a mtile 
structure. - — ^ 

3. A hydrophilic member awrdingt^ther of^claim 1 £r claimjl wherein the mean 
surface roughness (R*) of said tin oxidepnOa^ls^im a range of from 0.5 to 25 rm^and thereby 
the mean surface roughness (R0 of the top surface is within a range of 0-5 to 25 

L __ 

4. A hydrophilic member according to jany one of \claim$ i through Jn^erein the mean 
spacing (Sm) of the irregularities of the top surface is within a range of 4 nm to 300 nm, 

5. A hydrophilic member according to jany one of claims 1 through wherein said tin 
oxide layer has a thicloiess^vithin a range of 10 to 800 nm. ^ 

y,/ k/Ai 1^ 

6. A hydrophilic member according to (Sny one of claims 1 through srwherein said" 
overcoat layer has a thickness £^thin a range of OA to lGOum. 

7. A hydrophilic member according to £my one of claims 1 through 6rwhereinthe 
refractive index of said undercoat film acting as a barrier against alkali is between the refractive 
index of the substrate and the refractive index of the tin oxidef^tf^ 



8. A hydrophilic member according to (any one of claims 1 tluough^fwhereinsaid 
undercoat film is a layered body of tin oxide and silicon oxide. 

9. A hydrophilic member according to£mc of claims 1 through S^vherein said substrate 
i$ glass the main component of which is silicon oxide; tile; ceramic; Wa metal plate 

f _ 4r> 



lair* ^ 




10. A hydrophUlc member according to jany one of claims 1 thiough^H^er^nsaiiJ 
bydrophflic member is a minor having a thin metal film formed on the^reajjkurface thereof, between 
the substrate and the tin oxide laye^or between the undercoat film and the tin oxide layeij. 

/ / , A kyt/ro fbilio At^*?M^ accord iny <^ _£ / ^//Jh^£ f^\ 

Said ovefco'd' / A( jPr f s *frme<S c^f £cf/</ o>^ ?ur£c£-'& 

w a*Mrco«,f ft/« Asi»*J ***** 1^ ^'^tf^s/ 

/*>/,; 

/3 A hydra fin i lie fr^ks accord, rtj ]l d/*' 1 ^ /<7 t^A^Ji M /a / 

h^nfk,!^ » * 

•/W o» ^tf, fa 
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Abstract 

A hydropbiUc member is provided wherein the restoration of hydrophilic properties after 
washing occurs in an extremely short amount of time, yet the retention effect of the recovered 
5 hydrophilic properties is high. On the surface of glass plate which is used as a substrate, is 
formed a tin oxide (SnOz) film §, and on the surface of this tin oxide (SnOa) fflm|^ is formed, as an 
Overcoat layer, a silicon oxide (SiOa) film % Soda glass which has SiOj as its main component is 
used as the glass plate J The tin oxide (SnQz) film j| is formed, for example, by the chemical 
vapor deposition method, the thickness of the film being from 10 to 800 am and the mean surface 
10 roughness (R„) of the surface being from 0.5 through 25nm. Fnrmerrnore, the silicon oxide (SiOj) 
film 3 [Informed by the sputtering method, the thickness being from 0.1 to 100 mn. Moreover, 
since the silicon oxide (SiOj) film^jis formed on the tin oxide (SnOj.) film^ the irregularities of 
the tin oxide film (Sn0 2 )(|lare transferred just as they are, which makes the silicon oxide (SiOj) 
film have a mean surface roughness (R a ) of fitun 0.5 through 25 run. 
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Hydrophilic Member 



Technical Field of the Invention 

This invention relates to a hydrophilic member and especially to a hydrophilic^member having 
superior hydrophilic restoration properties. 
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Background Art 

Japanese Unexamined Patent Publication Numbers Hei 9-278431, ffei 9-295363, Hei 10-36144, 
and Hei 10-231146 are known as background art having hydrophiljef and anti-fogging properties on 
10 the substrate surfaces of glass and the like. 

Japanese Unexamined Patent Publication Number Hei 9-2^8431 discloses the application, on a 
substrate surface, of a surface treatment agent including phosphoric acids or salts thereof, soluble 
n aluminum compounds, water-soluble silicates, surface /active agents, and solvents. The mean 
l[! surface roughness of the hydrophilic film is 0.5 to 500 
15 J=J{ Japanese Unexamined Patent Publication Numbfer Hei 9-295363 discloses a film of titanium 
Si oxide or tin oxide formed on a substrate surface, having a mean surface roughness of at least 1 \im. 
Uj Japanese Unexamined Patent Publication Njtoiber Hei 10-36144 discloses a photocatalyst film 
»]such as titanium oxide (Ti0 2 ) formed on a glass substrate surface and a porous inorganic oxide film 
s such as silicon oxide (Si0 2 ) formed on the sytface of the photocatalyst film. 
20 r*. Japanese Unexamined Patent Publication Number Hei 10-231146 discloses an alkali barrier 
fyfilm and a photocatalyst film formed on the surface of a glass substrate. The mean surface 
Wroughness of the photocatalyst film is from 1.5 to 80 nm. 

l~L The art disclosed in the above-mentioned Japanese Unexamined Patent Publication Number Hei 

9- 278431 is not practical since bottj/the chemical durability and wear resistance of the hydrophilic 
25 film are low. The art disclosed iq the above-mentioned Japanese Unexamined Patent Publication 

Number Hei 9-295363 is not applicable to the surface of a transparent substrate such as a glass plate 
because the mean surface rou^fuiess (Ra) of the hydrophilic film is greater than or equal to 1 \im, 
preferably greater than or equal to 4 fim, and the transparency thereof is low (high haze). With 
regards to the art disclose^ in Japanese Unexamined Patent Publication Number Hei 10-36144, 
30 since wear resistance of^the hydrophilic film is low because of the porosity thereof, hydrophilic 
function thereof is lost^and is not easily recovered when contamination such as oil enters into the 
pores. With respect ^to the art disclosed in Japanese Unexamined Patent Publication Number Hei 

10- 231146, time is needed for production because the hydrophilic film is formed of a plurality of 
layers. j 

35 Moreover, with each of the above-disclosed prior arts, a hydrophilic film is formed on the 

surface of a suostrate and hydrophilic properties are further improved by making the surface have 
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minute irregularities. However, in the case of a contaminated substrate, there is a drawback of 
slow restoration of the hydrophilic properties after washing of the substrate surface with a 
detergent. 

For example, since a surface such as that of a windshield or a mirror provided with a lavatory is 
5 easily contaminated, it is frequently washed with a detergent. Unfortunately, restoration of 
hydrophilic properties after washing is slow, leading to minute water/drops easily adhering to the 
surface and anti-fogging properties fade. / 

Disclosure of the Invention / 

10 In order to resolve the problems mentioned above, according to the present invention, there is 

provided a hydrophilic member, comprising a tin oxide/layer formed on a surface of a substrate 
directly or through an undercoat film in between acting as a barrier against alkali, and an overcoat 
layer formed on the surface of the tin oxide layer, wherein the overcoat layer is selected from at 
'y % least one of silicon oxide, aluminum oxide, zirconium oxide, eerie oxide, and titanium oxide. 
15 jn Furthermore, the mean surface roughness (Ra) of the top surface thereof is within a range of from 
0.5 to 25 nm. / 
u j The mean surface roughness (Ra) is preferably within a range of from 0.5 to 25 nm, more 
m preferably within a range of 5 to 15 nm. The long-term stability of the hydrophilic performance is 
^* further improved within this range. / 
20 r l If only a tin oxide (Sn0 2 ) layer is formed on the surface of the substrate and the surface of this 
tin oxide (Sn0 2 ) layer is rough, hydrophilic properties are displayed, as mentioned in the prior art 
U| (Unexamined Patent Publication Number Hei 9-295363). Unfortunately, upon washing the surface 
□ once with bath soap, the contact angle with water becomes 70° to 80°. 

On the other hand, when a thin film such as a film of silicon oxide (Si0 2 ) is formed on the 
25 surface of the above-mentioned/tin oxide (Sn0 2 ) layer, the post-washing contact angle with water 
becomes less than 10°. / 

It is conceivable that the reason is because super-hydrophilic properties are present after 
washing since, from the aspect of surface polarity, tin oxide (Sn0 2 ) and silicon oxide (Si0 2 ) have 
opposite polarities and bath soap is anionic. 
30 It is preferable that the above-mentioned tin oxide (Sn0 2 ) has a rutile structure. By making 

the tin oxide (Sn0 2 ) ta have a rutile structure, it is possible to form a polycrystalline thin film 
having a surface of preferable irregularities. 

Moreover, by making the mean surface roughness (R a ) of the tin oxide (Sn0 2 ) to be from 0.5 to 
25 nm and transferring these irregularities to the top surface, it is possible to make the mean surface 
35 roughness (R a ) of the/ top surface to be from 0.5 to 25 nm. 

It is not preferable that the mean surface roughness (R a ) be less than 0.5 nm, because effective 



. 2 



# » 

irregularities which improve long-term maintainability of hydrophilic properties and functions 
would not be formed. It is also not preferable for the mean surface roughness (R a ) to exceed 25 
nm, in which case irregularities would be too great and transparency lost, or the long-term stability 
of the hydrophilic function would be lowered. / 
5 Additionally, it is preferable to make the mean spacing (S m ) of the irregiilarities to be from 4 to 

300 nm. It is not preferable for the mean spacing (S m ) of the irregularities to be either less than 4 
nm or greater than 300 nm, which would result in reduction of the l0ng-term stability of hydrophilic 
performance and anti-fogging performance. The mean spacing (S m ) of the irregularities is more 
preferably from 5 to 150 nm. Within this range, the long-teph stability of hydrophilic performance 
10 is further improved. / 

As a method of indicating the mean surface roughness (R a ), arithmetical mean surface 
roughness (R a ) as defined by JIS B0601 (1994) i&/used. The value (nm) of arithmetical mean 
surface roughness is expressed as "the absolute v^lue of the deviation from the mean line", and is 
rendered by the following equation 1. / 

is m / 

;}{ [equation 1] Ra = ~~ j^/f (x)\bc 

L : reference length / 

Q f(x) : roughness curved expression taking X-axis in the direction of mean line and 

20 f Y-axis in the direction of longitudinal magnification of the sampled part 

Moreover, the mean spacing of irregularities S m , too, is defined by JIS B0601 (1994). The 
arithmetical mean value (nm) of /irregularities is expressed as "the mean value of the spacing 
between cycles of peaks and valleys obtained from the point where the roughness curve and the 
25 mean line cross", and is rendered by the following equation 2. 

[equation 2] / Sm = — x Smi 
S m i : spacing of irregularities (nm) 

n: number of spacings of irregularities within the reference length 

30 

It is preferable for the thickness of the tin oxide film (Sn0 2 ) to be from 10 to 800 nm, and for 
the thickness of the overcoat layer of silicon oxide film (Si0 2 ) or the like to be from 0.1 to 100 nm. 

When the thickness of the tin oxide is less than or greater than this range, the desired 
irregularities cannot be obtained. That is, deviation outside of this range is not preferable because, 
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when the thickness of the tin oxide is smaller than this range, then a film of uniform thickness will 
not be realized; and when the thickness of the tin oxide is larger than this range, then the spacing of 
irregularities will become too large. 

A film mainly comprised of common silicon oxide is preferable as the undercoat for the alkali 
5 barrier. Additives such as P (phosphorous) and B (boron) may be added, and oxide compounds of 
tin oxide may be used as needed. 

The undercoat film for the alkali barrier may be formed using known processes. Examples 
include the sol-gel process, liquid phase deposition method, vacuum / film forming method, baking 
method, spray coating method, and CVD (chemical vapor deposiriem) method. 
10 It is preferable that the undercoat film for the alkali film be at least 10 nm yet not greater than 

300 nm. A thickness less than 10 nm is not preferable because it is insufficient for producing an 
effective alkali barrier. Additionally, a thickness greater than 300 nm is not preferable because 
interference colors frequently become noticeable and it becomes difficult to control the optical 
characteristics of a glass plate. / 
15 m Glass mainly comprised of silicon oxide (Si0 2 ), tile, ceramics, or a metal plate is suitable for 
j 1 \ use as the substrate. Moreover, a hydrophilic/ member according to the present invention may be 
hi applied to mirrors, for example. 

Z J T Brief Descriptions of the Drawings 

20 p Figures 1(a) and 1(b) are, respectively, enlarged cross-sectional views of a hydrophilic member 
2\ according to the present invention. 

p Preferred Embodiment to Implement the Invention 

Hereinbelow, explanation wily be made of the preferred embodiment of the present invention, 
25 based upon the attached drawings 

In the embodiment shown in Figure 1(a), the hydrophilic member comprises a film of tin oxide 
(Sn0 2 ) 2 formed on the surface of a glass plate 1 as a substrate and a film of silicon oxide (Si0 2 ) 3 
as an overcoat layer formed ory the surface of this tin oxide (Sn0 2 ) film 2. 

In the embodiment shown in Figure 1(b), an undercoat film 4 stands between the glass platel 
30 and the tin oxide (Sn0 2 ) fiW 2 to prevent alkalis such as Na from escaping out of the glass plate 1. 

In Figure 1, R a is the /mean surface roughness and Sm indicates the mean spacing of the 
irregularities. 

Soda glass, which has Si0 2 as its main component, is used as the glass plate 1. The tin oxide 
(Sn0 2 ) film 2 is formed by a well-known process such as the sol-gel process, liquid phase 
35 deposition method, vacuum film forming method, baking method, spray coating method, CVD 
(chemical vapor deposition) method, or sputtering method. The thickness ranges from 10 to 800 
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nm and the mean surface roughness (R a ) ranges from 0.5 to 25 nm. The film of tin oxide (Sn0 2 ) 2 
has a rutile structure. 

The film of silicon oxide (Si0 2 ) 3 has a thickness ranging from 0.1 through 100 nm and is 
formed by a well-known process such as the sol-gel process, liquid phase deposition method, 
5 vacuum film forming method, baking method, spray coating method, chemical vapor deposition 
method, or sputtering method. In addition, since the silicon oxide (Si0 2 ) film<3 is formed on the 
tin oxide (Sn0 2 ) film 2, the irregularities of the tin oxide (Sn0 2 ) film 2 ^''transferred just as they 
are, and the range of the mean surface roughness (R a ) of the surface of^fie silicon oxide (Si0 2 ) film 
3 also becomes within the range of 0.5 to 25 nm. / 
10 The mean spacing (S m ) of irregularities preferably ranges frpm 4 to 300 nm. It is not desirable 

that the spacing deviate from this range because the long-terai stability of the hydrophilic properties 
is low. / 

By forming minute irregularities on the surface, the hydrophilic properties of the surface can be 
*fj further improved. / 
15 W That is, when the surface area becomes /larger by r times due to formation of minute 
*\ irregularities on the surface, cos 0' = r c6s 9 (90° > 9 > 6' ) is established by Wenzel's 
III formula, in which the contact angle of water at the time of the flat surface is 9 and the contact 
^ angle of water at the time of forming irregularities is 9 ' . However, it is not the case when the 
s contact angle 9 deviates greatly from j6 degrees. 
20 Q For example, forming irregularities on the surface of a member having a contact angle of 30° 
with respect to water when the surface is flat, and taking the surface area to be multiplied 1.1 times, 
Ul then, from the above equation, o6s 9 ' = 1.1 cos 30° = 0.935, and from this it is determined that 
™ 0 ' = 17.7° . Similarly, when the surface area is multiplied by 1.15, 9 ' becomes 5.2° . 

However, this equation is not necessarily established when 9 is small, however, as a tendency, 
25 9 ' becomes smaller by the provisions of irregularities. 

That is, by the formation of minute irregularities on the surface, the hydrophilic surface 
becomes all-the-more hydrophilic. 

On the other hand, as the undercoat film 4 for an alkali barrier, a thin film with silicon oxide as 

/ 

the main component or a compound oxide film comprised of silicon oxide and tin oxide, a film of 
30 silicon oxide which includes carbon, or layers of a film with tin oxide as the main components and a 

film with silicon oxide as the main component, or the like may be used. 

For example, a compound oxide film comprised of silicon oxide and tin oxide or a film of 

silicon oxide which includes carbon has a refractive index which is between that of the glass plate 1 

and the tin oxide film ^. Therefore, an even more preferable appearance can be obtained. That is, 
35 by having an undercoat film with an intermediate refractive index, it is possible to control 

interference color changes (color inconsistencies) arising from irregular thickness of the tin oxide 
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film, as well as neutralize reflection hues. 

In the case where the undercoat film is a layered body of, for example, a film whose main 
component is tin oxide and a film whose main component is silicon oxide, because the apparent 
refractive index of the layered body is between the refractive index of the glass plate 1 and the 
5 refractive index of the tin oxide film 2 by adjusting the thickness of the ^respective films, the 
functions of the above-mentioned undercoat film with an intermediate/fefractive index can be 
obtained. / 

In the case where the hydrophilic member having the above-mentioned structure is applied to a 
mirror, a thin film of metal, for example, silver, is formed on ihe rear surface of the glass plate 1, 
10 between the glass plate 1 and the undercoat film 4; or, in th^case of no undercoat, between the glass 
plate 1 and tin oxide (Sn02) film 2. / 

Next, explanation will be made of processes foi/the formation of films occurring with the 
f „ preferred embodiment of the present invention and/comparative examples. Specifically, using a 
i[I film-forming apparatus (not shown), the sample of embodiment 1 was made by forming, in order, a 
15 film of tin oxide and a film of silicon oxide on me surface of a glass plate. Using the same process 
as that of embodiment 1, the samples of embodiments 2, 3, 4, and 6 were formed with, in order, a 
Ul film of tin oxide and a film of silicon oxide ion the surface of a glass plate. Using the same process 
I: I as that of embodiment 1, the sample of embodiment 5 was formed with, in order, a film of tin oxide, 
s a film of silicon oxide, a film of tin oxicte, and a film of silicon oxide on the surface of a glass plate. 
20 Using the same process as that of embodiment 1, the sample of comparative example 1 was 

fl I made with, in order, a film of tin oxide and a film of silicon oxide on the surface of a glass plate. 
U I The sample of comparative example 2 was made by conducting an etching process on the surface of 
T[ an ordinary glass plate, in which the glass plate was immersed into an aqueous solution whose main 
component was hydrosilicofluoi^c acid, and on the surface of the glass plate were formed minute 
25 irregularities comprised of a porous film whose main component was silica. Using the same 
process as that of embodiment 1, the samples of comparative examples 4 and 5 were made by 
forming a tin oxide film on the surface of a glass plate. 

Next, the mean surface roughness (R a ) and the mean spacing (Sm) of the samples of the 
embodiments and the comparative examples were measured. These values were calculated from 
30 profile curves measured yith an atomic force microscope (AFM) or an electron microscope. 

Furthermore, the samples were washed with bath soap, and changes in the contact angles were 
measured so that wetting properties of the sample surface with respect to water could be confirmed. 
The angle of contact ^vith water was measured immediately after washing, after the elapse of 2 
hours, and after the elapse of 200 hours. 
35 Tables 1 and 2, below, are, with regards to the hydrophilic member according to the present 

invention and the comparative examples, comparisons of changes of the contact angles with water 
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Table 1 





Embodinjefus 


1 


2 


3 




5 


6 


mean surface roughness (nm) 


10.0 


3.0 


70/ 


13.0 


25.0 


8.5 


mean spacing (nm) 


40 


30 


/65 


110 


150 


70 


change of 
contact angle 

(°) 


immediately after 
washing 




50/ 


a n 


D.yJ 


inn 




2 hours 
after washing 


4.0 / 


/ 
'lO.O 


6.0 


6.0 


12.0 


6.0 


200 hours 
after washing 


10.0 


25.0 


15.0 


13.0 


16.0 


14.0 


undercoat film composition / 




sio 2 


SiO z 


Si0 2 


Sn02/Si0 2 


Si0 2 


undercoat film thickness (nm) / 




20 


20 


20 


25/25 


20 


= SnC>2 film thickness (nm) / 


350 


20 


250 


600 


800 


300 


5 overcoat film thickness (n^n) 


20 


20 


50 


20 


50 


50 


i remarks / 
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Table 2 





Comparative examples 


1 


2 


3 


4 


5 


mean surface roughness (nm) 


30.0 


5.0 




5.0 


7.0 


mean spacing (nm) 


250 


45 y 


/ oo 
(infinite) 






change of 
contact angle 

(°) 


immediately after 
washing 


57 0 


/14 0 


1 R n 

-LO.VJ 


/u.u 


/o.U 


2 hours 
after washing 


65.0/ 


18.0 


20.0 


70.0 


79.0 


200 hours 
after washing 


^/68.0 


32.0 


41.0 


73.0 


80.0 


[ | undercoat film composition 


/ Sn0 2 /Si0 2 










; : undercoat film thickness (nm) 


/ 25/25 










1 SnC>2 film thickness (nm) / 


1000 






60 


150 


; I overcoat film thickness (nm) / 












i remarks / 

5 / 

/ 
/ 
/ 

/ 


* Comparative example 2: glass plate on the surface of which 
are minute irregularities formed by etching 

Comparative example 3: ordinary glass plate 

Comparative example 4: glass plate with a film of tin oxide 
(SnC>2) provided on the surface 

Comparative example 5: glass plate with a film of tin oxide 
(SnC>2) provided on the surface 
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Table 1 clearly shows that a hydrophilic member according to the present invention has an 
angle of contact with water of 10° or less just after washing, and the ^hydrophilic properties are 
durable over long periods of time. 

On the other hand, Table 2 clearly shows that a common glas^ plates (comparative example 3) 
5 has an angle of contact with water of about 10° after washing, but the angle of contact gradually 
increases with time. This may be considered due to hydrophilic durability not being attained since 
the surface irregularities are small (R a %lnm). A glass/plate with fine irregularities formed on the 
surface by etching (comparative example 2) also has/a contact angle with water of about 10°, but 
the angle of contact gradually increases with thp elapse of time. This is presumably due to 
10 durability worsening because the spacing of irregularities is too small in relation to the surface 
irregularities, and the hydrophilic functions decreasing over time. 

Moreover, in the case where the thickness of the tin oxide (Sn0 2 ) film exceeds the range of the 
^ present invention (comparative example 1), since the spacing of irregularities on the surface 
^fj becomes large (S m > 300 nm), the spacing of irregularities on the surface of the silicon oxide film 
15 CO (SiC>2) becomes large, resulting in hydrophilic properties not able to be attained. Furthermore, 
; when a film of tin oxide (Sn0 2 ) only is/formed on a glass plate (comparative examples 4 and 5), the 
lil angle of contact with water after washing is 70° or greater and hydrophilic properties are not 
jf« manifested, regardless of the thickness of the tin oxide film (Sn0 2 ). This is presumably due to the 
a " nature of the tin oxide (Sn0 2 ) film^tself, regardless of the surface shape. 
20 u Embodiment 6 is a mirror formed with a film of the same composition as comparative example 
f « { 3 on the surface of a glass plate Waving a silvered rear surface. This mirror surface does not fog at 
y all, even when breath is exhaled/thereupon, the angle of contact with water becomes 10° or less just 
J «f after washing, and it maintains/hydrophilic properties over long periods. Accordingly, the mirror 
of embodiment 6 has high Ijydrophilic properties, and exhibits desirable hydrophilic retention 
25 properties. 

Industrial applicability 

As explained above, according to the first aspect of the above-mentioned hydrophilic member, 
the angle of contact with reppect to water becomes small, allowing still greater long-term stability of 
30 hydrophilic properties to b^ obtained. 

According to the second aspect of the above-mentioned hydrophilic member, it is possible to 
form a polycrystalline film having a desirably irregular surface, while attaining the effects of the 
above-mentioned first aspect. 

According to the thiijd aspect of the above-mentioned hydrophilic member, while attaining the 
35 effects of the above-mei itioned first and second aspects, hydrophilic effects occurring on the top 
surface can be sufficient] y attained, yet recovery of hydrophilic properties after washing will occur 
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within an extremely short period of time, and the retention of the hydrophilic properties is high. 

According to the fourth aspect of the above hydrophilic members, it is possible to maintain 
hydrophilic properties over a long period of time, while attaining the^respective effects of any one 
of the above-mentioned first, second, or third aspects. / 

According to the fifth aspect of the above-mentioned hydrophilic member, it is possible to form 
a desired hydrophilic film while attaining the respective^effects of any one of the above-mentioned 
first through fourth aspects. / 

According to the sixth aspect of the above-mentioned hydrophilic member, it is possible to 
obtain desired irregularities while attaining the respective effects of any one of the above-mentioned 
first through fifth aspects. / 

According to the seventh aspect of the above-mentioned hydrophobic member, while attaining 
the respective effects of any one of the above-mentioned first through sixth aspects, it is possible to 
% control interference color changes (colo/ irregularities) as well as neutralize reflection hues, since 
\ the refractive index of the undercoat fmn is between the refractive index of the glass plate and the 
hin oxide film. / 

According to the eighth aspect fof the above-mentioned hydrophilic members, while attaining 
I the respective effects of any one oythe above-mentioned first through seventh aspects, it is possible 
"to control interference color changes (color irregularities) as well as neutralize reflection hues, since 
the apparent refractive index of ihe layered film is between the refractive index of the glass plate 
^and the tin oxide film. / 

According to the ninth aspect of the above-mentioned hydrophilic member, while attaining the 
Jrespective effects of any one of the above-mentioned first through eighth aspects, it is possible to 
[Jmake effective applications tp mirrors, windshields, anti-fogging/anti-fouling glass for construction, 
spectacles, lenses, tile, metal/plates, and the like. 

According to the tenth aspect of the above-mentioned hydrophilic member, while attaining the 
respective effects of any one of the above-mentioned first through ninth aspects, it is possible to 
make effective applications to automobile door mirrors, bathroom mirrors, and the like. 
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What is claimed is: 

1. A hydrophilic member comprising: 

5 a tin oxide layer formed on a surface of a substrate directly or/fhrough an undercoat 

film acting as a barrier against alkali and; 

an overcoat layer formed on the surface of said tin oxide layer, wherein said overcoat 
layer is selected from at least one of silicon oxide, aluminum oxide, ^rconium oxide, eerie oxide, 
and titanium oxide, and the mean surface roughness (R a ) of the top surface thereof is within a range 
10 of 0.5 to 25 nm. 

2. A hydrophilic member according to claim 1, whpfein said tin oxide (Sn0 2 ) has a rutile 
. v /structure. 

fV;f 

15 Si 3. A hydrophilic member according to eithe/of claim 1 or claim 2, wherein the mean 

r_ { surface roughness (R a ) of said tin oxide (Sn0 2 ) is within a range of from 0.5 to 25 nm, and thereby 
U| the mean surface roughness (R a ) of the top surface is/within a range of 0.5 to 25 nm. 

Si / 

- 4. A hydrophilic member according tp any one of claims 1 through 3, wherein the mean 

20 □ spacing (S m ) of the irregularities of the top surjkee is within a range of 4 nm to 300 nm. 

UJ 5. A hydrophilic member according to any one of claims 1 through 4, wherein said tin 

j^oxide layer has a thickness of within a range of 10 to 800 nm. 

25 6. A hydrophilic membej/according to any one of claims 1 through 5, wherein said 

overcoat layer has a thickness of wuhin a range of 0.1 to lOOnm. 

7. A hydrophilic number according to any one of claims 1 through 6, wherein the 
refractive index of said unjfcrcoat film acting as a barrier against alkali is between the refractive 

30 index of the substrate and the refractive index of the tin oxide. 

8. A hydrophilic member according to any one of claims 1 through 7, wherein said 
undercoat film is a layered body of tin oxide and silicon oxide. 

35 9. A/ftydrophilic member according to one of claims 1 through 8, wherein said substrate 

is glass the main component of which is silicon oxide; tile; ceramic; or a metal plate. 
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10. A hydrophilic member according tji-any*''bne of claims 1 through 9, wherein said 
hydrophilic member is a mirror having athkrmetal film formed on the rear surface thereof, between 
the substrate and the tin oxide layer^or between the undercoat film and the tin oxide layer. 
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Abstract 




A hydrophilic member is provided wherein the restorationTirTiydppffflfc 
washing occurs in an extremely short amount of time, yet the ^retpmion effect of the recovered 
hydrophilic properties is high. On the surface of glass plate^^which is used as a substrate, is 
formed a tin oxide (Sn0 2 ) film 2, and on the surface ofttp^Un oxide (Sn0 2 ) film 2 is formed, as an 
overcoat layer, a silicon oxide (Si0 2 ) film 3. Sod^glass which has Si0 2 as its main component is 
used as the glass plate 1. The tin oxide (£r*C^) film 2 is formed, for example, by the chemical 
vapor deposition method, the thicknesg^fthe film being from 10 to 800 nm and the mean surface 
roughness (R a ) of the surface bejj*g from 0.5 through 25nm. Furthermore, the silicon oxide (Si0 2 ) 
film 3 is formed by the smrttering method, the thickness being from 0.1 to 100 nm. Moreover, 
since the silicon oxide,(Si0 2 ) film 3 is formed on the tin oxide (Sn0 2 ) film 2, the irregularities of 
^the tin oxide film^5m0 2 ) 2 are transferred just as they are, which makes the silicon oxide (Si0 2 ) 
i film have a 



surface roughness (R a ) of from 0.5 through 25 nm. ^~ 
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